Background: This is a study of the influence of body weight on defibrillation, resuscitation, and survival in patients with out-ofhospital cardiac arrest treated with a nonescalating impedancecompensating 150-J biphasic waveform defibrillator.
B iphasic waveforms were introduced in automated external defibrillators for transthoracic defibrillation in 1996 (1) . A subsequent larger clinical study reported nonescalating biphasic truncated exponential waveform shocks terminated ventricular fibrillation in out-of-hospital cardiac arrest patients with high efficacy and high patient discharge rates (2) . Biphasic waveforms previously had replaced traditional monophasic waveforms for implanted defibrillators because of demonstrated advantages in shock efficacy at lower energies, i.e., lower defibrillation thresholds and a broader safety margin (3) (4) (5) (6) . The lower required energies, in particular, facilitated the miniaturization of implanted defibrillators. The same advantage was implemented in the first transthoracic (external) biphasic defibrillators, which used a fixed energy protocol at an energy far lower (150 J) than traditional maximum energies in external monophasic devices (360 J). This innovation allowed for miniaturization of automated external defibrillators, facilitating greater mobility and widespread deployment for the purpose of reducing time to defibrillation. These benefits have led to widespread adoption of biphasic waveforms by the automated external defibrillator manufacturers.
Concern over optimal treatment for obese patients continues as obesity has been demonstrated to be a risk factor for chronic heart disease. Recent data suggest a continued increase in the preva-lence of obese and overweight adults in the United States and other developed countries (7) . Although the effect of body weight on defibrillation success has been studied with monophasic waveforms and in animals, it has not been reported in humans treated with biphasic waveforms. Historically, one rationale for energy escalation with monophasic waveforms has been the belief that obese patients or those with high transthoracic impedance (TTI) will require more energy for defibrillation. This study examined the influence of body weight on defibrillation, resuscitation, and survival in out-ofhospital cardiac arrest patients, in whom a nonescalating, impedance-compensating, 150-J biphasic waveform defibrillator was used for resuscitation. The study also examined the relationship between TTI and body weight. Presented, in part, as an abstract at the meeting of the American Heart Association, November 2003, Orlando FL. spective analysis of weight effects. The study was conducted under Institutional Review Board approval of an ongoing investigation evaluating patient outcomes after defibrillation with biphasic waveform automated external defibrillators. The emergency medical system uses fixed low-energy biphasic automated external defibrillators (ForeRunner, Philips Medical Systems, Seattle, WA) used by first responders (police and fire rescue personnel). Presenting and pre-and postshock rhythms were reviewed for pre-advanced life support shocks from 68 patients. Cases with known or presumed cardiac origin and shockable initial (presenting) rhythms were included for anal-ysis. Both witnessed and not witnessed arrests were included.
METHODS

Out
Rhythms were categorized as shockable (ventricular fibrillation or shockable ventricular tachycardia) or nonshockable. Shocks were included for analysis if the preshock rhythms were shockable and the rhythm at 5 secs following the shock was not indeterminate. The rhythm at 5 secs is the conventional criterion for the assessment of shock efficacy, as defined by the 2000 American Heart Association Guidelines (8) and used by defibrillation researchers (9 -14) . A shock was considered successful if the 5-sec postshock rhythm was nonshockable, in-cluding asystole and rhythms with QRS complexes.
Weight and height data were obtained for all admitted patients, either at the time of admission to the cardiac care unit or shortly thereafter at the time of coronary angiography and/or echocardiography. For patients who were not admitted, height and weight data were obtained from clinic records within a maximum of 3 months of their event. Body mass index (BMI) was calculated for patients with available data and used to classify subjects as underweight, normal, overweight, obese, or extremely obese (7) . Outcome was derived from emergency medical systems run reports and hospital records. All patients provided research authorization for hospital record review. Defibrillation and resuscitation outcome variables were examined vs. patient weight. Defibrillation outcome variables included initial shock success, cumulative twoshock success, and cumulative success of the first "stack" of shocks (a series of up to three shocks before an interval for cardiopulmonary resuscitation). Resuscitation outcomes, including return of spontaneous circulation (ROSC) before the administration of cardioactive drugs (called basic life support ROSC), ROSC before transfer to the emergency department (any ROSC), survival to hospital admission (admission), and survival to hospital discharge (survival) were examined for any relationship to body weight as well.
StatXact (version 5, Cytel Software, Cambridge, MA) was used to calculate the 95% confidence interval using the Blyth-Still-Casella method, and the Lilliefors test was used to test the data for a normal distribution. Statistics for continuous variables were analyzed using the Student's t-test (Statistica, version 6, StatSoft, Tulsa, OK). p Ͻ .05 was considered statistically significant.
RESULTS
Patient weight data were available for 62 of the 68 patients (91%) who presented with a shockable rhythm. Average age was 66 Ϯ 14 yrs (mean Ϯ SD). Fiftyone (82%) were male. The average body weight was 84 Ϯ 17 kg (minimum, 53 kg; maximum, 135 kg) and was normally distributed. Height data were available for 46 of 68 patients (68%). BMI was calculated as the weight in kilograms divided by the square of height in meters (7) . Based on BMI for the 46 patients with both height and weight data, approximately 41% were classified as overweight (BMI, Ն25), 24% were obese (BMI, Ն30), and 4% were extremely obese (BMI, Ն40). The remaining 31% were classified as normal or underweight. Time from emergency call receipt to first shock (call to shock time) was 5.9 Ϯ 1.9 mins; 85% of patients had a witnessed arrest. Average shock impedance was 90 Ϯ 21 ohms. First-shock success was 92%; only one patient (weight, 68 kg) failed to be converted with two or fewer shocks. All patients were converted within the first series of three shocks. First-shock success was not related to weight, i.e., unsuccessful shocks were not associated with higher weights than successful shocks (Table 1 ; Fig. 1 ). The highest and lowest weight patients were defibrillated on the first shock. Cumulative efficacy through two shocks was unrelated to weight (Fig. 2 ). There was no statistically significant effect of weight on basic life support ROSC (Fig. 3) , any ROSC ( Fig. 4 ), or at admission ( Fig. 5 ) or discharge (Fig. 6 ). Figure 7 shows the relationship between impedance and weight. The squared correlation coefficient was 0.22, reflecting only a modest influence of weight on TTI.
DISCUSSION
Historical Perspective. The issue of safe, effective, and appropriate energy and current required to defibrillate patients with an external defibrillator has a long history. Successful defibrillation depends on adequate myocardial current density, delivered with an effective waveform. The manner in which this current is delivered over time determines the energy dose of the waveform. Too little current density may result in failed defibrillation, whereas too much energy has been shown experimentally to result in myocardial dysfunction (15) . Unfortunately, myocardial current density and energy are very difficult to quantify, even in animal studies, inasmuch as external defibrillators have been characterized in terms of the less relevant energy and current delivered at the defibrillator outputs, i.e., the transthoracic current. As a result, many of the resuscitation protocols used in clinical practice are based on the commonsense presumption that a decrease in transthoracic current delivered by the defibrillator (caused by an increase in TTI) may result in a decrease in myocardial current density. This presumption, however, is not supported by clinical data, and counterexamples are easily imagined, e.g., decreased transthoracic current is due to a decrease in noncardiac current flowing around the thoracic cage, leaving myocardial current density largely unchanged. Because direct measurements of myocardial current density in humans remain impractical, the relationship between transthoracic and myocardial dose as a function of natural human variations in body weight and TTI remains unknown. Consequently, it is appropriate to question conventional dose protocols, especially when a therapy that compensates for the effects produced by impedanceinduced waveform changes is used.
Escalating energy protocols are typical for monophasic defibrillation (16 -20) . By increasing the energy setting for a patient with high TTI, the transthoracic current, and presumably the myocardial current density, would be restored to the level delivered to a patient with low TTI. This belief was also extended to obese patients, based in part on the assumption that they would also have increased TTI. In 1974, Tacker et al. (21) proposed a doseresponse curve based on body weight in an effort to quantify the electrical energy needed for defibrillation. They suggested a starting level between 3.5 and 6.0 J/kg for patients weighing Ͻ50 kg, and for heavier patients, the "full output of the defibrillator" should be used. However, Gascho and others (16, 20, (22) (23) (24) (25) disputed their analysis, reporting that the defibrillation rate did not correlate with weight. Gascho et al. (22, 23) reported that lower energy levels (under 3 J/kg) defibrillated more often than higher energy levels. Gascho et al. further pointed out that animal studies were the basis of much of the energy dose to body weight research, yet animals needed four to eight times as much energy to defibrillate as humans of the same weight.
Predicting a patient's TTI based on physical characteristics has proven difficult. Because TTI is the parameter that determines the current output for a particular monophasic energy setting, Kerber et al. (26) examined the relationship between TTI and body weight. They reported a weak correlation (r 2 ϭ .20) between body weight and TTI and a stronger correlation (r 2 ϭ .64) between TTI and chest width. Geuze and de Feijter (27) reported no correlation between transthoracic resistance and body weight. Our data are consistent with Geuze and de Feijter and Kerber et al., showing a weak correlation (r 2 ϭ .22) between TTI and body weight (Fig. 7) .
In 1980, the American Heart Association reduced the recommended starting energy for monophasic defibrillators for a 70-kg subject from 420 J to 200 J (28) . Questions regarding optimal energy and escalation protocols continued. An investigation by Weaver et al. (29) in 1982 supported even lower energy levels. They studied initial monophasic shocks of 175 J and 320 J in 249 patients and concluded that shocks using 175 J were as effective as the higher energy shocks. Furthermore, the lower energy shocks were associated with less postshock heart block. Currently, monophasic defibrillators follow an escalating energy protocol, despite the lack of definitive data supporting the efficacy of additional energy levels for "hard to defibrillate" patients. This may be due, in part, to the relatively low firstshock efficacy for monophasic waveforms (11) . In 1998, an American Heart Association Guideline on waveforms stated, "A review of previous American Heart Association guidelines for the energy sequence 200J-300J-360J reveals that the evidence supporting this reputed "gold standard" is largely speculative and based on commonsense extrapolation from animal data and human case series." (30) .
Factors Determining Defibrillation Success and Resuscitation Outcome.
Concern over optimal treatment for obese patients has continued. Obesity has been demonstrated to be a risk factor for chronic heart disease, and recent data suggest a continued increase in the prevalence of obese and overweight adults in the United States and other developed countries (7) . We used BMI to classify patients enrolled in the weight analysis and found that 41% were classified as overweight and 28% as obese or ex- tremely obese. Thus, many patients in this study were overweight.
Out-of-hospital cardiac arrest studies have reported high shock efficacy for biphasic waveforms (10, 11) . However, the effect of body weight on biphasic waveform defibrillation in humans has not been studied previously. Zhang et al. (13) studied body weight as a predictor of biphasic shock success for defibrillation in swine and found that when energy levels of 150 J or more were used, shock success did not vary with body weight or TTI. Recent counter-arguments have cited a study by Caffrey et al. (31) that described the use of 150-J biphasic waveform automated external defibrillators in airport passenger terminals. Of the 18 ventricular fibrillation patients in the study, three who were described as diabetic and obese were reported to have "remained in fibrillation despite a rapid response." Caffrey clarified that ventricular fibrillation was successfully terminated by 150-J biphasic shocks in all three patients but that ventricular fibrillation recurred frequently and was the final recorded rhythm after multiple shocks (S, Caffrey-Villari, personal communication, December 26, 2002) . Furthermore, 16 of 19 shocks delivered to these patients by first responders successfully terminated ventricular fibrillation for periods ranging from 5 secs to Ͼ10 mins. Thus, poor outcome for these patients is not attributable to failure of the defibrillation shock but is likely related to the underlying disease and condition of the patient.
In this study, the lack of impact of body weight on defibrillation efficacy and resuscitation outcome indicates that there is no evident need for weight-based energy escalation and the associated possible risk of shock-induced cardiac dysfunction (29, (32) (33) (34) . Neither defibrillation nor patient outcome depended on (or were related to) patient weight. The greater efficacy of biphasic waveforms at lower energies compared with monophasic waveforms at higher energies illustrates the shortcoming of applying historical dose regimens to new therapies.
This study is limited in that it is retrospective and involves only one site. Height data used to calculate BMI was not available for all patients. Nonetheless, the percentage of overweight patients, based on the BMIs of available patients, was large (69% were overweight or obese). Furthermore, a single biphasic waveform was evaluated, and the conclusions cannot necessarily be generalized to other biphasic waveforms.
CONCLUSIONS
First-shock efficacy and subsequent shock success, resuscitation, and survival were not related to body weight for patients in this analysis. The fixed-energy protocol used by this automated external defibrillator incorporating a 150-J impedance-compensating biphasic truncated exponential waveform in this basic life support use setting appears appropriate and effective. 
